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Vessel geometry not only determines flow-dynamics,
but also plays a crucial role in the pathogenesis of vas-
cular diseases such as atherosclerosis, aneurysm forma-
tion, or dissection.1 In vivo assessment of the three-
dimensional configuration of arterial flow channels,
however, poses substantial methodological difficulties,
and traditional imaging techniques, such as ultrasound
scan, contrast arteriography, or conventional computed
tomography are unsuitable means of obtaining accurate
measurements in more than two dimensions. Thus, in
spite of its well-recognized role in hemodynamics, our
knowledge of the normal three-dimensional anatomy
and shape of the flow channel of the abdominal aorta is
limited. This is also true for the relation of vascular
geometry to physiologic variables such as age, sex, and
body size.
We recently developed and validated three-dimensional
image analysis tools that take advantage of the true volu-
metric nature of the image-data acquired with contrast-
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enhanced helical computed tomographic (CT) angiogra-
phy.2,3 We will refer to this technique as quantitative vas-
cular CT. This technique allows us to obtain contiguous
cross-sectional area (CSA) measurements of a vessel lumen
automatically and independently of the operator, measure
the true lengths of vascular segments, and quantify vessel
curvature from helical CT datasets.
The objective of this study was to assess the normal
three-dimensional geometry of the flow channel of the
abdominal aorta in healthy adults with quantitative vascu-
lar CT and to establish the relationship between aortic
geometry and sex, age, and body size.
METHODS
Subjects. The population of this descriptive, cross-
sectional study was recruited from a prospectively col-
lected cohort of 276 individuals in good health, who were
evaluated as potential living renal donors between
February 1994 and December 1998 at our institution. All
subjects had documented histocompatibility with a poten-
tial recipient and no major physical or psychiatric disabili-
ties. As a result, individuals with earlier or active renal
disease, diabetes mellitus, long-standing hypertension,
renal calculi, or other chronic debilities were identified
before entering the eligible study population and were
excluded. All potential donors had normal serum creati-
nine and blood urea nitrogen levels, as defined by the lab-
oratory performing the analysis. Patients were selected
when they had undergone a CT angiographic study of the
abdomen at our institution as part of their diagnostic
examination (n = 213). The remaining 63 of the 276 sub-
jects had their imaging studies performed outside our
institution (n = 40), underwent magnetic resonance
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Purpose: We conducted a novel quantitative three-dimensional analysis of computed tomography (CT) angiograms to
establish the relationship between aortic geometry and age, sex, and body surface area in healthy subjects.
Methods: Abdominal helical CT angiograms from 77 healthy potential renal donors (33 men/44 women; mean age, 44
years; age range, 19-67 years) were selected. In each dataset, orthonormal cross-sectional area and diameter measure-
ments were obtained at 1-mm intervals along the automatically calculated central axis of the abdominal aorta. The aorta
was subdivided into six consecutive anatomic segments (supraceliac, supramesenteric, suprarenal, inter-renal, proximal
infrarenal, and distal infrarenal). The interrelated effects of anatomic segment, age, sex, and body surface area on cross-
sectional dimensions were analyzed with linear mixed-effects and varying-coefficient statistical models.
Results: We found that significant effects of sex and of body surface area on aortic diameters were similar at all anatomic
levels. The effect of age, however, was interrelated with anatomic position, and gradually decreasing slopes of signifi-
cant diameter-versus-age relationships along the aorta, which ranged from 0.14 mm/y (P < .0001) proximally to 0.03
mm/y (P = .013) distally in the abdominal aorta, were shown.
Conclusion: The abdominal aorta undergoes considerable geometric changes when a patient is between 19 and 67 years
of age, leading to an increase of aortic taper with time. The hemodynamic consequences of this geometric evolution for
the development of aortic disease still need to be established. (J Vasc Surg 2001;33:97-105.)
angiography (n = 7), or did not show up for their imaging
studies (n = l6). In 19 subjects, the CT datasets were not
retrievable completely in digital form from optical disks.
Subjects for whom information about body height and
weight was unavailable (n = 115) were not included. One
patient with an incidentally diagnosed infrarenal abdomi-
nal aortic aneurysm, defined as an infrarenal aortic diame-
ter greater than 3 cm, was excluded. One patient was
excluded because of insufficient opacification of the arter-
ial system. Our final study population consisted of 77 sub-
jects (33 men, 44 women) between 19 and 67 years of age
(Table I).
Imaging technique. All helical CT image data were
obtained with a Somatom Plus-S, a Somatom Plus-4
(Siemens Medical Systems, Iselin, NJ), or a HiSpeed
Advantage or HiSpeed CT/i (General Electric, Milwaukee,
Wis) scanner with a standardized acquisition protocol opti-
mized for imaging of the abdominal vasculature in living
renal donors.4 The contrast medium enhanced helical CT
acquisitions were obtained from 30 to 45 gantry rotations at
a tube current of 165 to 290 mAs at 120 kVp. Beam colli-
mation was set to 3 mm at a table speed of 6 mm/s.
Transverse images were reconstructed at 2-mm intervals
with 180-degree linear interpolation.4
Automated measurement of vascular cross-sectional
areas. Image data were transferred to an O2 computer
workstation (Silicon Graphics, Mountain View, Calif).
Aortoiliac dimensions were measured with a dedicated
computer program, which has been described in detail else-
where.2,3 The core feature of the program is a new and fast
algorithm for determining the central axis of tubular struc-
tures that may branch, such as the aortoiliac vasculature.
The algorithm is based on the three-dimensional medial
axis transform and distance mapping techniques.2 The cal-
culated central axis (“skeleton”) of a vascular tree is then
used as a means of interpolating two-dimensional planes
for vessel cross-sectional area measurements, oriented
exactly perpendicular (orthonormal) to the central axis, at
arbitrarily chosen intervals along a vessel.3 Thus, in contrast
to the traditional transversally oriented measurement plane
in computed tomography, local cross-sectional area mea-
surements with this software are obtained in a plane ori-
ented perpendicularly to the vessel of interest.
Cross-sectional areas were measured with a threshold-
based two-dimensional region-growing algorithm.2,3
Because the x-ray attenuation of contrast-enhanced blood
may vary between subjects and also within subjects, adap-
tive thresholding was implemented for this study. The
attenuation threshold used as a means of discriminating the
contrast-enhanced vessel lumen from its surroundings was
set individually for each cross-sectional area measurement,
depending on the local vascular attenuation values that
were measured as the average attenuation within a sphere
of radius 2 mm located at the intersection of the central
axis with the measurement plane. On the basis of measure-
ments obtained with an earlier described phantom,3 the
adaptive thresholds were chosen at 92.5% of the measured
intraluminal attenuation intensity units (intensity units
equal attenuation values in Hounsfield [HU] units plus
1000). It was demonstrated by means of phantom mea-
surements that, for imaging conditions similar to vascular
CT (cylindric objects of diameters 9.5, 12.7, and 15.8 mm,
with attenuation values of 250 HU, 330 HU, and 425
HU, also aligned with the longitudinal axis inclined 45
degrees relative to it), the mean error for diameter mea-
surements by using these adaptive threshold settings was
–0.23 mm ± 0.65 SD (range, –1 mm to 0.68 mm).
Measurements. In all patients, central axis paths were
calculated through the aorta and both iliac arteries (Fig 1).
Cross-sectional area measurements were obtained at 1-
mm intervals along the central axis paths.
For purposes of analysis, cross-sectional area measure-
ments (which are two-dimensional in nature) were trans-
formed into one-dimensional diameters of a circle with
equal area (denoted for simplicity as “diameter” throughout
this paper), calculated to be 2 × √(Cross-sectional Area/π)
to express the measurements. Plots of the aortic diameters
versus longitudinal position (Fig 1, B), represent unique
and objective descriptors of a patient’s aortic geometry.
Analysis. The abdominal aorta was divided into six
anatomic segments relative to branch vessel origins: A,
portion superior to the celiac trunk; B, segment between
the celiac trunk and the superior mesenteric artery; C, seg-
ment between the superior mesenteric artery and the first
(more superiorly originating) renal artery; D, inter-renal
segment between the origins of the more superior and
inferior renal arteries; E1, proximal infrarenal segment
(relative to the inferior mesenteric artery); E2, distal
infrarenal segment; IL denotes iliac arteries. The longitu-
dinal position of branch vessel origins relative to the cen-
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Table I. Demographic characteristics of 77 healthy potential renal donors
Age (y) Height (cm) Weight (kg) BSA (m2)
Men (n = 33)
Mean 40 175 82 2.0
SD 12.2 7.7 13.9 0.2
Range 23-67 165-190 63-122 1.69-2.45
Women (n = 44)
Mean 43 162 70 1.7
SD 10.9 7.9 13.3 0.2
Range 19-65 142-180 45-100 1.32-2.11
tral axis of the aorta was identified by reviewing each
dataset and assigning the position of the orthonormal
plane, which cut through the center of the branch orifice
to the respective branch vessel (Fig 1, A). The position of
the aortic bifurcation was assigned to the plane, which cut
through the bifurcational crest.
All cross-sectional area measurements were reviewed on
the computer screen, and the values of those cross-sectional
JOURNAL OF VASCULAR SURGERY
Volume 33, Number 1 Fleischmann et al 99
Fig 1. Continuous aortoiliac cross-sectional area measurements with quantitative vascular computed tomography. A, The central panel
shows a point-cloud representation of the abdominal aorta and its branches from a 44-year-old woman. The automatically calculated
central axes of the aortoiliac vessels are indicated in yellow. A cut plane, othonormally oriented to the central axis, is shown at the level
of the distal infrarenal aorta. The small insert panels show local orthonormal cross sections with automatically detected luminal bound-
aries at various levels down the aorta. Each cross-sectional insert panel is graphically connected with its position along the central axis.
Note the “leaking” of cross-sectional area measurements into branch arteries in insert panels (c.tr., s.m.a., and ren.). B, Cross-sectional
area measurements are expressed as diameters of a circle of equal area and plotted against longitudinal position (bold line). Note that
where automatic cross-sectional area measurements “leak” into the branching arteries, corresponding diameter measurements show a
small peak (c.tr., s.m.a., ren., i.m.a., and bif.). Those peaks indicate the longitudinal position of branch arteries. The values, as indicated
by the dotted segments of the line plot, were excluded from diameter measurements. c.tr., Celiac trunk; s.m.a., superior mesenteric
artery; ren., renal arteries; i.m.a, inferior mesenteric artery; bif., aortic bifurcation.
A
B
area measurements, which obviously “leaked” into the
branching arteries and resulted in artificially great measure-
ments, were removed (Fig 1, B). When segment-defining
branch vessels arose at the same longitudinal position or
close to each other, no diameter measurements were
obtained for the aortic segment between the respective ves-
sel origins. For example, no segment-D values were col-
lected in subjects in whom the renal arteries arose at the
same level (such as in the case illustrated in Fig 1), or no
segment-C values were obtained when the superior mesen-
teric artery and one of the renal arteries arose too close to
each other.
Mean segmental aortic diameters were calculated in
each subject by averaging the values within each of the
respective segments. Left and right common iliac artery
measurements were averaged. Segmental lengths were cal-
culated as the difference between the longitudinal posi-
tions of the respective branch vessel origins, or the
difference between branch vessel longitudinal positions
and the aortic bifurcation.
For the analysis of the cross-sectional dimensions of
the abdominal aorta as a function of their relative longitu-
dinal positions, all measurements between the celiac trunk
and the aortic bifurcation were normalized relative to pre-
defined positions of the aortic branch vessels, so that the
relative lengths of segments after the transformation were
identical for each patient. The normalizing scale was of
unit length 1. The celiac trunk was assigned position
0.000; the superior mesenteric artery was assigned posi-
tion 0.124; the upper and lower renal artery was assigned
positions 0.215 and 0.219, respectively; the inferior
mesenteric artery was assigned position 0.700; and the
aortic bifurcation was assigned position 1.000. The values
for normalizing the position of branch vessel origins were
based on average segmental length measurements from all
subjects. Because aortic diameters always showed an
abrupt caliber decrease after the branching of large visceral
arteries, normalization relative to anatomic landmarks was
more meaningful for our purposes than scaling to absolute
distance measurements alone. Body surface area (BSA)
was calculated by means of the method of DuBois.5
Statistics. We used a linear mixed-effects model to
explore the relationship between segmental diameters,
age, and BSA, modified by the sex of the subject and the
segment location in the aorta. We considered the general
model to be:
Diameter ~ Sex + F1 (Segment) + F2 (Segment) × Age +
F3 (Segment) × BSA + Random (Subject)
and variants thereof. F1, F2, and F3 represent functions of
the discrete segment indicator. Because each subject con-
tributed observations at different segments, the data are
correlated. We accounted for this correlation by allowing
a random intercept per subject.6 This model is linear in
age and BSA at any given segment, but the coefficients are
allowed to “vary” with the segment. The modeling was
performed in S-Plus (MathSoft, Cambridge, Mass) with
the linear mixed effects software. All models were
expressed with the symbolic formula language of S-Plus
for representing additive models.7
These models were also tested in a more refined fash-
ion with the continuous (as opposed to the discrete seg-
mental) longitudinally normalized data in a mixed-effects
model. The potentially nonlinear effect of normalized lon-
gitudinal position was modeled with a natural cubic spline
with 4 knots and, thus, 4 degrees of freedom. This led to
the varying-coefficient model
Diameter ~ Sex + F1 (Position) + F2 (Position) × Age +
F3 (Position) × BSA + Random (Subject)
in which F1, F2, and F3 represent functions of the con-
tinuous position down the aorta. The functions F1, F2,
and F3 are represented as spline curves.8
RESULTS
The segmental aortic diameter measurements with
their SDs for men and women are presented in Table II.
Length measurements are reported in Table III.
When testing our general linear mixed-effects model
against various submodels, we found that
Diameter ~ Sex + F1 (Segment) + F2 (Segment) × Age +
BSA + Random (Subject)
was sufficient. In Table IV, we see the estimated coeffi-
cients for this model. We found a significant effect of sex,
with men having 1.9 mm larger aortic diameters. We found
a significant effect of discrete segmental anatomic position
(F1 [Segment]), indicating a stepwise decrease of diameter
from segments A to E2. The effect of age was interrelated
with anatomic segment (F2 [Segment] × Age). Segmental
diameters increased significantly with age, with the slopes
of these linear relations being steeper proximally (0.14
mm/y for segment A, P < .0001) than distally (0.03 mm/y
at segment E2, P = .013). This confirms the visual infor-
mation in Fig 2, in which we see that the slope with age
decreases as we move down the aortic segments, and the
overall level decreases as well. In contrast to the originally
considered effect of BSA as (F3 [Segment] × BSA) in our
general model, the linear slope did not change with
anatomic segment (P = .63), which is also illustrated in Fig
3. Thus, we end up with a single linear term (BSA) that
describes the effect of body surface area for all segments of
both men and women in this model.
Testing our varying-coefficient model against various
submodels on the longitudinally normalized data led to
the model
Diameter ~ Sex + F1 (Position) + F2 (Position) × Age +
BSA + Random (Subject)
which gave similar dependencies to the discrete segment-
based model. The spline estimates in Fig 4 show that aor-
tic geometry (for diameter as a function of normalized
longitudinal position) is different for different age groups,
but similar in men and women. In general, an increase of
aortic taper is shown with age. When focusing on the
infrarenal aorta alone, however, we see that infrarenal
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tapering is absent or even slightly “negative” in young
individuals and gradually evolves into noticeable “normal”
taper, which is most prominent in the oldest subjects of
our study population.
When comparing the infrarenal segments of the aorta
(E1 and E2) on a per subject basis, we found that the
infrarenal aorta either decreased, remained constant, or
increased slightly (≤ 2.03 mm) in diameter when compar-
ing the segment proximal to the inferior mesenteric artery
origin (E1) with the segment distal to it (E2). In no case,
however, was the infrarenal aorta wider than any of the
suprarenal segments. The proportion of distal versus prox-
imal infrarenal segmental diameters (E2/E1) was linearly
correlated with age (y = 1.08 – 0.002x; r = –0.48; P <
.0001; Fig 5).
DISCUSSION
The geometry of the abdominal aorta is fundamental
to its hemodynamics, and even minor changes in geome-
try may have substantial effects on flow.9-11 It has been
known for more than 100 years that the diameter and wall
properties of the human aorta change inexorably through-
out life.12 However, because of the lack of suitable analy-
sis tools, accurate measurements of aortic geometry in
three dimensions and the normal age-related changes
thereof have not been studied. The ability to gain quanti-
tative insights into time-dependent physiologic and patho-
logic phenomena affecting the geometry of the vascular
system will become increasingly important, especially in
patients who will undergo endovascular therapy.
Helical computed tomography, introduced in 1989, is
a true volumetric imaging modality and provides a three-
dimensional dataset of a scanned volume.13 Beyond the
focus of pure visualization of the arterial tree, the software
tools used in this study were specifically developed to
extract the quantitative three-dimensional information
from volumetric CT angiographic datasets. Two key fea-
tures, true orthonormal orientation of the measurement
planes relative to the three-dimensional course of the aorta
and adaptive thresholding for cross-sectional area mea-
surements, were implemented in this technology.
Automated measurements of the cross-sectional area
expressed as a function of longitudinal position were used
to serve as unique descriptors of vascular geometry.3
In this study, we found a significant effect of sex and age
on aortic diameters and also a small but significant effect of
BSA, which is in good agreement with published data.14 The
most significant result from this study, however, is that in
healthy, 19- to 67-year-old individuals, the age-related
increase of aortic diameter is strongly associated with the rel-
ative anatomic position along the abdominal aorta. The
“growth rate” was highest (0.14 mm/y) in the most proxi-
mal (supraceliac) segment of the abdominal aorta, dimin-
ished gradually when moving down the aorta, and was
minimal (0.03 mm/y) near the bifurcation. Consequently,
the aortic geometry also changes gradually and systematically
in healthy subjects. In general, this causes an increase of
tapering of the entire abdominal aorta from proximal to dis-
tal with time (Fig 4). When focusing on the infrarenal por-
tion of the aorta alone, however, we found that proximal-to-
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Table II. Segmental aortic diameters in 33 men and 44 women
Anatomic segments
A (n = 62) B (n = 70) C (n = 64) D (n = 41) E1 (n = 77) E2 (n = 70) IL (n = 57)
Men
Mean 19.3 18.6 17.5 17.1 15.0 15.0 9.8
SD 2.2 1.8 1.6 1.7 1.4 1.3 1.3
Women
Mean 17.6 16.5 15.5 14.6 13.1 12.5 8.0
SD 2.3 2.2 2.2 2.0 1.7 1.2 0.9
Table III. Segmental aortic lengths in 33 men and 44 women
Anatomic segments
B (n = 66) C (n = 74) D (n = 76) E1 (n = 71) E2 (n = 60) B to E2 (n = 53) E1 to E2 (n = 60)
Men
Mean 15.5 11.0 6.1 54.0 39.4 125.3 92.8
SD 4.4 6.4 4.0 8.1 6.2 10.2 9.8
Women
Mean 15.1 11.3 5.0 54.5 34.8 122.3 89.9
SD 3.7 4.9 3.6 7.6 7.5 10.7 8.8
B to E2, length of segments B through E2 (ie, from the celiac trunk to the aortic bifurcation); E1 to E2, length of segments E1 through E2 (ie, length of
infrarenal aorta from the more distally arising renal artery to the aortic bifurcation).
distal tapering was not universally present in this region in all
subjects. We found no tapering or observed a mild proximal-
to-distal increase of diameter in the infrarenal aorta. Such a
mild “negative taper” has been described before,15 but has
not been identified as a phenomenon that is significantly
related to age and is notably more common in young indi-
viduals. This came as a surprise to us, because we had
expected to find “negative taper” or distal aortic dilatation in
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Table IV. Coefficients for the linear mixed effects model*
Value SE z-Score P value
(Intercept) 8.11 0.190 42.8 < .001
Male sex 1.92 0.252 7.6 < .001
Age –0.01 0.014 –0.5 .649
BSA 4.84 0.701 6.9 < .001
Segment A 9.53 0.142 67.2 < .001
Segment B 8.47 0.138 61.6 < .001
Segment C 7.39 0.140 52.7 < .001
Segment D 6.93 0.161 43.1 < .001
Segment E1 4.99 0.134 37.2 < .001
Segment E2 4.70 0.136 34.5 < .001
Segment A × age 0.14 0.012 11.2 < .001
Segment B × age 0.12 0.012 9.6 < .001
Segment C × age 0.10 0.012 7.7 < .001
Segment D × age 0.09 0.013 6.9 < .001
Segment E1 × age 0.06 0.012 5.0 < .001
Segment E2 × age 0.03 0.012 2.5 .013
*Diameter ~ Sex = F1 (Segment) to F2 (Segment) × Age + BSA + Random (Subject).
Fig 2. Diameter of aortic segments versus subject age. Plots show segmental diameters versus age in women (left panels) and men (right
panels) for all vascular segments (uppermost panels, segment A; lowest panel, segment IL). Linear regression lines (full lines) and CIs (dot-
ted lines) are indicated.
older subjects, as suggested by published data. The segmen-
tal growth rates in a large population-based study from the
Netherlands16 in 5419 subjects aged 55 years and older
revealed slower growth rates of the abdominal aorta proxi-
mally (0.03 mm/y, measured with ultrasound scan) than dis-
tally (0.07 mm/y). In a subsequent study based on the same
patient population (n = 5419) combined with data from
another large population-based study from the United
Kingdom17 conducted in 6053 men older than 50 years, the
infrarenal aortic expansion rates were confirmed. However,
the infrarenal aortic diameters were revealed by means of a
detailed analysis to remain constant below the 75th per-
centile in men and the 85th percentile in women. Thus,
most subjects continued the “growth pattern” observed in
the younger subjects that we found among our healthy
adults. Only 25% of men and 15% of women 70 years and
older may be prone to aortic dilatation, the authors con-
cluded.17 The comparably slower expansion rate of the
suprarenal aorta in the studies from the Netherlands and the
United Kingdom16,17 is not unexpected, because a decline in
aortic expansion was reported earlier for subjects older than
70 years.18,19
On the basis of our own results and those published in
the literature, we hypothesize that the normal abdominal
aorta expands in time, with faster expansion rates proxi-
mally than distally. The expansion rates seem fairly constant
for a given anatomic location for subjects between 20 and
60 years old, but slow down in older subjects. Thus, aortic
taper increases with time. Such a pattern seems compatible
with the known distribution, properties, and age-related
degeneration of elastic fibers in the aortic wall.20
The quantitative effect of increasing abdominal aortic
tapering, or a reversal of taper, as observed in the infrarenal
aorta, on pulse pressure and wall shear stress still needs to
be established. Theoretically, it might be substantial,10 and
thus it may play a role (among other factors, such as pre-
existing atherosclerotic disease) in the development and
propagation of late dilatation of the most distal aortic seg-
ment in a subset of the population in the oldest age groups.
Limitations. Our study population of 77 healthy adults
was recruited from potential living renal donors who under-
went CT angiography of the abdomen, optimized as a means
of assessing their vascular anatomy. Although this guaranteed
consistent and high-quality imaging data to be analyzed, it
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Fig 3. Diameter of aortic segments versus body surface area. Plots show segmental diameters versus body surface area in women (left
panels) and men (right panels) for all vascular segments (uppermost panels, segment A; lowest panel, segment IL). Linear regression lines
(full lines) and CIs (dotted lines) are indicated.
led to an underrepresentation of older subjects, in whom
clinically significant atherosclerosis is most likely. In our
study population, only nine subjects (4 men and 5 women)
were aged 55 years or older. Analyzing image data from
older subjects who underwent computed tomography for
nonvascular purposes was not an option, because these
datasets, which were obtained with the standard helical CT
technique, would have been of inferior volumetric resolution
and, therefore, not comparable with CT angiographic
datasets. With recently introduced multislice CT technology,
however, routine contrast-enhanced abdominal computed
tomography datasets will likely have sufficient volumetric
resolution for quantitative vascular CT analysis.21 We expect
to be able to expand our understanding of normal age-
related geometric changes within the aorta in the future.
Our calculated diameter measurements seem small
when compared with diameter measurements obtained by
means of ultrasound scanning and computed tomography
in the literature.14,15,18 However, measurements with con-
ventional computed tomography necessarily overestimate
aortic diameters, because of its slice thickness, orientation,
and partial volume effects.22 For ultrasound scanning, the
temporal and spatial resolution in the a-p direction is
excellent; however, the method suffers from its operator
dependency. The coefficients of repeatability have been
reported to range between 2.6 and 4.4 mm.23
Nevertheless, our measurement technique is intensity-
threshold dependent, and despite our threshold selection
being optimized with phantom measurements, we cannot
rule out a slight systematic underestimation of cross-
sectional area measurements in vivo, when image noise,
motion artifacts from arterial pulsation, and inconsistent
background attenuation values from fat, muscle, or bony
tissue may affect our measurements. On the basis of our
phantom measurements, we expect such an effect to be
smaller than 1 mm for our diameter measurements.
Although a systematic underestimation may limit the accu-
racy of absolute measurement data in our study, it is
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Fig 4. Continuous aortic diameter measurements versus normalized longitudinal position. Plot shows diameter measurements from aor-
tic segments B through E2, against normalized longitudinal position down the aorta for women (left panels) and men (right panels) for
four age groups (uppermost panels, oldest group; lowest panel, youngest group). Fitted splines in each panel demonstrate that aortic
geometry is age related and that aortic taper becomes more pronounced with age.
unlikely to affect the validity of our proportional results,
which describe three-dimensional vessel geometry.
Our modeling of the aortic geometry is necessarily a
simplification of true anatomy. Although more detail could
be extracted from three-dimensional computed tomogra-
phy datasets (such as vessel curvature, position of the flow-
divider at the aortic bifurcation, and branching angles), our
analysis allows insights into those basic variables of geome-
try that fundamentally determine flow, notably the cross-
sectional area and length of a vascular segment.
Conclusion. Quantitative vascular computed tomog-
raphy is a unique technique for three-dimensional analysis
of the abdominal aorta and a means of providing new
insights into the architecture of the aortic flow channel
and its age-related changes. The abdominal aorta expands
with age, and it does so at a faster rate in the proximal por-
tions than in the distal ones, which consequently leads to
a gradual increase of aortic taper between the ages of 19
and 67 years. This may have significant hemodynamic
consequences, which need to be further evaluated.
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Fig 5. Relative proportion of distal to proximal infrarenal aortic
diameter versus age. E2, The infrarenal aorta distal to the inferior
mesenteric artery; E1, the infrarenal aorta proximal to the inferior
mesenteric artery.
